Context: Nutrition education aims to enhance knowledge and improve dietary intake in athletes. Understanding athletes' nutrition knowledge and its influence on dietary intake will inform nutrition-education programs in this population. Purpose: To systematically review the level of nutrition knowledge in athletes, benchmark this against nonathlete comparison groups, and determine the impact of nutrition knowledge on dietary intake. Methods: An extensive literature search from the earliest record to March 2010 using the terms nutrition knowledge or diet knowledge and athlete or sport was conducted. Included studies recruited able or physically disabled, male or female, competitive (recreational or elite) athletes over the age of 13 yr. Quantitative assessment of knowledge and, if available, diet intake was required. Because of variability in the assessment of nutrition knowledge and dietary intake, meta-analysis was not conducted. Results: Twenty-nine studies (17 published before 2000) measuring nutrition knowledge (7 including a nonathlete comparison group) met inclusion criteria. Athletes' knowledge was equal to or better than that of nonathletes but lower than comparison groups including nutrition students. When found statistically significant, knowledge was greater in females than males. A weak (r < .44), positive association between knowledge and dietary intake was reported in 5 of 9 studies assessing this. Common flaws in articles included inadequate statistical reporting, instrument validation, and benchmarking. Conclusion: The nutrition knowledge of athletes and its impact on their dietary intake is equivocal. There is a need for high-quality, contemporary research using validated tools to measure nutrition knowledge and its impact on dietary intake.
A strong evidence base supports optimal dietary strategies to enhance athletic performance (American College of Sports Medicine, American Dietetic Association, & Dietitians of Canada, 2000; American Dietetic Association, Dietitians of Canada, & American College of Sports Medicine, 2009). However, the diets of athletes are often reported to be nutritionally inadequate compared with sport nutrition and general population recommendations (Burke, Cox, Cummings, & Desbrow, 2001; Hassapidou, Valasiadou, Tzioumakis, & Vrantza, 2002; Jonnalagadda, Ziegler, & Nelson, 2004) . Athlete nutrition-education programs usually aim to rectify dietary inadequacies and promote optimal health and athletic performance by furthering sound knowledge in general and sport-nutrition-specific areas. Education may be delivered by a variety of providers including coaches and athletic trainers, sport dietitians, nutritionists, sport scientists, and medical practitioners. Athletes also obtain information from a variety of other sources including school or tertiary-education programs, books, sport-specific magazines, the mass media, and, increasingly, the Internet (Burns, Schiller, Merrick, & Wolf, 2004; Jacobson, Sobonya, & Ransone, 2001; Parr, Porter, & Hodgson, 1984 ). Even at the elite level, nutritioneducation programs for athletes may be predominantly coach driven and reactive, with depth and frequency of intervention influenced by financial constraints (Zinn, Schofield, & Wall, 2006) . In contrast to education programs in other areas of nutrition, evaluation of athlete nutrition-education programs is rarely reported (Abood, Black, & Birnbaum, 2004; Collison, Kuczmarski, & Vickery, 1996) .
Nutrition-education programs are often based on the premise that superior nutrition knowledge may translate into better dietary intake. The notion of translation of knowledge into practice was supported by results from a large community sample in the United Kingdom showing an association between nutrition knowledge and increased fruit and vegetable intake and reduced fat consumption (Wardle, Parmenter, & Waller, 2000) . A similar trend has been found in other studies (Axelson & Brinberg, 1992) . However, the link between nutrition knowledge and dietary intake is complex and may be influenced by many other factors including taste and food preference and cultural, religious, and family beliefs. Furthermore, convenience and skill in shopping and food preparation, including label reading, can alter food intake (Nestle et al., 1998; Obayashi, Bianchi, & Song, 2003) . The association between nutrition knowledge and dietary intake Scholarly reviewS appears inconsistent, and it is likely that multiple factors modify the relationship (Worsley, 2002) .
Despite the complexity of this relationship, stronger associations between nutrition knowledge and dietary intake could be identified if the instrument accurately measures nutrition knowledge and more precisely assesses dietary intake (Parmenter & Wardle, 1999) . Ideally, to ensure that an instrument is a valid and reliable measure of nutrition knowledge, psychometric criteriacontent and construct validity and reliability-should be met. Content validity assesses whether the items in the instrument are appropriate and can comprehensively measure all aspects of the construct being considered (Kline, 1993) . Construct validity is established if the instrument is able to identify differences in scores between groups when the literature suggests this should be the case (i.e., dietitians would score significantly higher on a nutrition-knowledge questionnaire than other nonnutrition-education participants; Kline, 1993) . Reliability can be established through a variety of means including test-retest and internal-consistency analysis. In test-retest an instrument is considered reliable if participants score similarly on two or more occasions of testing, and internal consistency is a statistical correlation between individual item scores and the total score (Parmenter & Wardle, 1999) . Some theorists argue, however, that internal consistency is more relevant for attitude and opinion questionnaires with a narrow focus than for instruments assessing broader variables such as knowledge and where highly specific tests result in poor validity by not fully encompassing the construct of interest (Kline, 1993) . This may particularly occur when knowledge of a broader subject such as nutrition is being considered. Internal consistency therefore may not be necessary for an instrument measuring nutrition knowledge to be considered psychometrically valid.
Few studies have investigated the relationship between nutrition knowledge and dietary intake in athletes (Chapman, Toma, Tuveson, & Jacob, 1997; Douglas & Douglas, 1984; Frederick & Hawkins, 1992; Hamilton, Thomson, & Hopkins, 1994; Harrison, Hopkins, MacFarlane, & Worsley, 1991; Perron & Endres, 1985; Rash, Malinauskas, Duffrin, Barber-Heidal, & Overton, 2008; Turner & Bass, 2001; Werblow, Fox, & Henneman, 1978; Wiita, Stombaugh, & Buch, 1995) . One qualitative study using focus groups of elite Australian athletes identified a number of factors other than education as important influencers of food intake, particularly time constraints for shopping and preparing food, physique concerns, and food-security issues (issues related to access to and availability of a reliable food supply; Heaney, O'Connor, Naughton, & Gifford, 2008) . In fact, athletes in that sample who had varying degrees of access to nutrition education through the general community and sportsinstitute support mostly indicated that the major challenge for eating well came from applying (rather than possessing) knowledge and overcoming some of the previously mentioned barriers.
Assessment of athletes' nutrition knowledge and the impact of nutrition education on their dietary behavior is important for the development of effective athlete nutrition-education programs. This study aimed to systematically review the status of nutrition knowledge in athletes and its association with dietary intake.
Method
A systematic search using the terms nutrition knowledge or diet knowledge and athlete or sport was conducted by one researcher (S.H.) from the earliest record until March 2010. The databases searched included MED-LINE (Ovid), SPORTDiscus (EBSCOHost), CINAHL, Web of Science, and SCOPUS. A hand search of the bibliographies of included articles and relevant reviews was also conducted to obtain additional articles missed by the database search.
To be included, articles of original research (not abstracts or reviews) in humans were required to be written in English and published in peer-reviewed journals (not theses or reports). The research needed to include measurement of general or overall sportnutrition knowledge via a standardized (not necessarily validated) instrument (questionnaire) in athletes, defined as individuals engaged in competitive (recreational or elite) sport who were 13 or more years old. Both genders, able-bodied athletes, and athletes with nonintellectual disabilities were included. Studies not including athletes that measured knowledge in coaches, athletic trainers, dancers, or nonathletes were excluded, as were articles limiting the measurement of knowledge to specific topic areas such as hydration, supplements, or ergogenic aids. To be included, nutrition knowledge had to be reported as a quantitative score. Dietary intake of the athletes needed to be assessed using some form of quantitative outcome measure such as nutrient intake computed by dietary analysis, number of servings of food groups, or a quantitatively derived score rating diet intake.
Titles and abstracts were screened by two authors (S.H. & G.N.) for relevance and consistency with inclusion and exclusion criteria. Articles deemed relevant from title and abstract were retrieved (Figure 1 ). Data extraction included participant description (age, gender, sport, and athletic caliber), the presence or absence of a nonathlete comparison group, questionnaire description (source of questionnaire, number and type of items, and validation), the type of diet assessment, and quantitative results. Nutrition-knowledge scores were converted to percentages to facilitate comparison between studies. In intervention studies with an aim to improve nutrition knowledge, only baseline or preintervention scores were extracted. Data were tabulated according to whether the study had (Table 1) or did not have (Table 2 ) a comparison group for nutrition knowledge. Table 3 summarizes studies with an assessment of the association between nutrition knowledge and diet intake. Study quality was assessed by two researchers using an adaptation based on the works of Downs and Black (1998; Table 4) . Of the 27 criteria from the original works, only those that could be rationally applied were used because of the designs of the included studies; items relating to randomized controlled trials or intervention studies were excluded because none of the studies identified by the search were randomized controlled trials and only baseline or preintervention scores were extracted from intervention studies. Under "main findings," the item titled "intervention described" was taken in this instance to mean that the questionnaire was administered appropriately and items related to confounders were scored "not applicable" for articles where the primary outcome was a simple description of the nutrition knowledge of athletes. An item relating to "nonathlete controls used" was included in the "participants" section, and two related items from the original Downs and Black works were combined into the item "representative population." Under the category "tool," an additional item assessing adequate validation of the questionnaire was included. This was the only item in which a score greater than 1 was allocated. In addition to a "yes" (score of 2) or "no" (score of 0), a "partial" (score of 1) was given if the article reported some validation but did not meet at least two of the psychometric criteria (Kline, 1993;  i.e., enough to qualify for a score of 2): content validity, construct validity, and test-retest reliability. In the statistics category, power was scored either yes or no and was rated according to the main outcome (i.e., "yes" was given if a statistically significant difference was found or if the authors calculated and reported that the study had adequate power). This resulted in a maximum total score of 18. A separate score out of two was used to rate the studies including an assessment of dietary intake and its association with nutrition knowledge. The items assessed and the type and appropriate administration of the dietary methodology were evaluated. Items on which reviewers (S.H. & S.M.) disagreed were discussed until consensus was reached. Because of the variation in questionnaire design and dietary assessment, data pooling or metaanalysis could not be conducted.
Results
The search generated a total of 323 articles. After removal of duplicates and review of titles and abstracts, 34 articles fulfilled the search criteria. Another two were identified after bibliographic searching. After retrieval of the 36 full-text articles, 7 were excluded because they did not Note. F = female; tertiary = college or university teams; NR = not reported; SDQ = self-developed questionnaire; T/F = true/false; GN = general nutrition; SS = sport specific; PT = pretested; CV-diet = content validated by panel including dietitians; MEQ = modified existing questionnaire; TR = test-retest; MC = multiple-choice questionnaire; IC = internal consistency; M = male; nil = no validation/not indicated in the article; EQ = existing questionnaire; Y/N = yes/no statement; VQ = previously validated questionnaire; IA = item analysis. Age is given as M Note. F = female; tertiary = college or university teams; SDQ = self-developed questionnaire; T/F = true/false; GN = general nutrition; CV-diet = content validated by panel including dietitians; TR = test-retest; PT = pretested; A = athletes; NR = not reported; SS = sport specific; IC = internal consistency; secondary = high school; MEQ = modified existing questionnaire; M = male; MC = multiple-choice questionnaire; EQ = existing questionnaire; nil = no validation/not indicated in the article; VQ = previously validated questionnaire; other = questionnaire asking participants to rank 14 foods on high, moderate, or low levels of calories, fat, cholesterol, sugar, salt, fiber, calcium, iron, and vitamins; IA = item analysis. Age is given as M Barr, 1986. meet inclusion criteria, leaving 29 articles eligible for assessment (Figure 1 ). Of these, seven measured nutrition knowledge compared with a nonathlete comparison group (Table 1) . The 22 with no comparison group are reported in Table 2 . Nine of these studies also explored the relationship between nutrition knowledge and dietary intake (Table 3) .
Nutrition Knowledge of Athletes

Studies Comparing Athletes' Nutrition Knowledge
With That of a Nonathlete Comparison Group. Table 1 summarizes the seven articles comparing nutrition knowledge of athletes with that of a nonathlete comparison group (Barr, 1987; Collison et al., 1996; Cupisti et al., 2002; Frederick & Hawkins, 1992; Guinard et al., 1995; Raymond-Barker et al., 2007; Worme et al., 1990) .
Comparison-group populations varied but were mostly university or college students. Nonathlete students at the same college or university as the athlete sample were used as a comparison group for four studies. Two of those stipulated that the comparison sample excluded exercise or nutrition students. In the other two college or university studies, the nonathletes consisted of either all (100%) or nearly one third (28%) nutrition students.
In the other three studies assessing knowledge against a comparison sample, one (Frederick & Hawkins, 1992) recruited nutrition students and older women, another used age-matched high school students, and one used a mixed-gender sample recruited from a medical school or research institute. One study failed to report details on the participant characteristics of the comparison group (Raymond-Barker et al., 2007) . Athletes from a variety of sports were represented in the athlete samples recruited, including distance running, cycling, swimming, track, gymnastics (n = 4), and a mix of team and individual sports (n = 3). Approximately half the studies included athletes from varsity (college or university) teams (n = 4). Two used recreational and one, national-level, athletes. Only two of the seven articles were published in the last 10 years (i.e., [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] , four were from the 1990s, and one was from 1987. Most (n = 5) used all-female samples. In five of the seven studies, athletes' mean scores for nutrition knowledge were greater than 50%. The athletes' overall nutrition-knowledge scores were equal to or greater than those of the comparison group (n = 5) except for the samples including nutrition students (n = 2). In the study by Barr (1987) , athletes scored slightly higher than the comparison group on the sport-specific (athletes 20%, comparison group 17%) and slightly lower on the general nutrition questions (athletes 38%, comparison group 41%). However, both groups scored poorly (34%) compared with a criterion group of dietetic interns (76%; Barr). Three studies reported that athletes scored significantly higher on the nutrition-knowledge instrument than the comparison group (Cupisti et al., 2002; Guinard et al., 1995; Raymond-Barker et al., 2007) . In one of those studies, the participants were elite, national-level athletes Note. FFQ = food-frequency questionnaire. a Cho & Fryer, 1974. (gymnastics, tennis, and fencing). The comparison group was composed of age-matched participants undertaking less than 3 hr of competitive physical activity per week (Cupisti et al., 2002) . Athletes also scored significantly higher than the comparison group on a questionnaire that was based on general nutrition knowledge (RaymondBarker et al., 2007) . In the remaining study in which the athletes scored significantly higher than the comparison sample, male swimmers were more accurate in identifying general (high or low) nutrient content of 14 foods than age-and gender-matched nonathletes (Guinard et al., 1995) . In the two studies in which the comparison sample scored higher than the athletes, nutrition students made up all (Frederick & Hawkins, 1992) or 28% (Collison et al., 1996) of the comparison cohort.
Studies Reporting on Athletes' Nutrition Knowledge
Without a Nonathlete Comparison Group. Nutrition knowledge of athletes was reported on but not compared with a comparison group in 22 articles ( Table 2 ). Ten of those were published in the last 10 years (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) . Nine used exclusively female participants, three exclusively male participants, and nine mixed gender, and gender was not specified in one article. Nine articles described the knowledge of mixed sport samples, seven reported knowledge of runners (distance or track), two failed to specify the sport, and four studied team sports. Questionnaire response formats varied from true/ false, yes/no, or multiple-choice items to ranking nutrient content of food lists. Most of the instruments included sport-specific and general nutrition questions (n = 14), three probed general nutrition only, and three sportspecific knowledge only. One study did not report whether questions were on general nutrition or sport specific. Most (n = 19) reported mean nutrition-knowledge scores of 50-70%; three (incorporating both general and sportspecific questions) reported mean scores of 40-50%. Scoring between studies varied, with most using a regular system of 1 point per correct response. The study by Barr (1986) incorporated a penalty for incorrect responses (scores ranging from -100 to 100), and another instrument (Perron & Endres, 1985) used a scoring system based on the degree of response certainty, awarding points if an incorrect response was linked with a high degree of certainty. That instrument, by Perron and Endres based on the questionnaire by Werblow et al. (1978) , was also referenced by Wiita & Stombaugh (1996) , but it was not clear whether points were awarded for incorrect responses in each of the studies that used this instrument. Eight of the 22 articles reported on gender differences in nutrition knowledge. Generally, differences were not significant except for three studies in which females scored higher than males. Elite athletes scored significantly higher than recreational athletes in the only study in which this was evaluated. Similarly, tertiary students scored significantly higher than secondary students in the one study comparing education levels.
A number of studies indicated that most athletes in their samples were unable to correctly identify the role of certain important nutrients or the recommended percentage of energy contribution from the macronutrients (Dunn et al., 2007; Hamilton et al., 1994; Shifflett et al., 2002; Zawila et al., 2003) . Common misconceptions of athletes in a number of studies included protein acting as a primary energy source for muscle contraction (Condon et al., 2007; Jonnalagadda et al., 2001; Rosenbloom et al., 2002; Wiita et al., 1995; Wiita & Stombaugh, 1996; Zawila et al., 2003) and vitamin and mineral supplements delivering energy (Harrison et al., 1991; Jonnalagadda et al., 2001; Rash et al., 2008; Rosenbloom et al., 2002; Zawila et al., 2003) . Protein supplements and vitamin and mineral supplements were often reported by athletes as being necessary to achieve peak performance (Harrison et al., 1991; Jonnalagadda et al., 2001; Rash et al., 2008; Rosenbloom et al., 2002; Wiita et al., 1995; Wiita & Stombaugh, 1996; Zawila et al., 2003) .
Relationship Between Nutrition Knowledge and Dietary Intake
Despite locating 19 articles assessing dietary intake in addition to nutrition knowledge, we found only 9 that investigated the association between the two (Table 3) . Methods for assessing dietary intake ranged from 2-or 3-day diet records to 24-hr recall to food-frequency questionnaires (FFQs). Data from FFQs were used to either provide information on the intake of a particular nutrient or calculate a diet-quality score. Other articles used an FFQ to identify specific food patterns, dietary habits, or food-group intake.
Five of the nine studies reported a weak, positive association between nutrition knowledge and better dietary intake (r < .44). Dairy consumption as a marker for calcium intake was assessed in one study primarily focusing on bone health and osteoporosis risk, and a weak but significant correlation (r = .38, p < .001) was reported between general nutrition knowledge and intake of high-calcium foods (Frederick & Hawkins, 1992) . The study by Wiita et al. (1995) also demonstrating a positive association between diet intake and nutrition knowledge used a 3-day diet record and calculated a dietquality score based on intake of five nutrients per 1,000 kcal. Three studies reporting a significant association between knowledge and intake used food-group servings or sport-specific dietary practice questions to assess diet intake (Douglas & Douglas, 1984; Hamilton et al., 1994; Harrison et al., 1991) . Three articles found no significant correlation and were mainly composed of younger athletes (mean age less than 20 years), including one mixedgender and two all-female samples (Chapman et al., 1997; Perron & Endres, 1985; Rash et al., 2008) . Diet intake in these three studies was assessed using 24-hr recall and/or 2-day food record or an FFQ validated in a youth population to assess diet quality. The final study linking nutrition knowledge to diet intake, by Werblow et al. (1978) , was unable to confirm a relationship between diet intake and nutrition knowledge, because intake was assessed in terms of similarity between different diet types relating to general diet, training diet, weight control, and preevent eating, not dietary adequacy.
Quality Assessment of Included Articles
Quality-rating scores of the articles ranged from 7 to16 out of a possible 18 (Table 4) . Study flaws included nonrepresentative or inadequately described sample, no comparison or criterion group as a benchmark to athlete scores, and inadequate control or adjustment of potential confounding variables. Remarkably, only seven studies reported exact p values, and many (n = 8) failed to either report or indicate which variance (standard deviation or standard error of the mean) estimates were used.
Multiple studies (n = 11) failed to report validation of nutrition-knowledge instruments. One used a previously well-validated instrument but did not report validation history in the article (Raymond-Barker et al., 2007) . Eight studies used one or two methods of validation, generally content validation, pretesting, or item analysis. Only eight studies used a more rigorous approach to validation, either using a prevalidated questionnaire or performing at least three different and acceptable methods to assess instrument validity and reliability.
The nine studies investigating the association between nutrition knowledge and dietary intake were allocated an additional score out of two, based on the appropriateness of type and application of dietary methodology used. Only three of these scored the full 2 points.
Discussion
The level of general and sport-specific nutrition knowledge of athletes has been a popular question for researchers, with 36 peer-reviewed articles identified by this systematic review. Because of inadequate quantitative reporting in the form of a questionnaire test score, only 29 of these articles underwent data extraction and quality analysis in this review. Unfortunately, only seven of the 29 studies included a nonathlete comparison group against which athlete scores could be benchmarked. Because of wide variability in the study findings, instruments used, sport disciplines, and athletic caliber of participants and diversity in the comparison groups, it is not possible to comprehensively describe the level of nutrition knowledge, consistently identify areas of strength or weakness in the athlete samples, or determine whether nutrition knowledge is differential to nonathletes. There is some evidence in the articles that nutrition knowledge may be higher in tertiary-educated or elite-level athletes and in female than male athletes. Sport-nutrition-specific knowledge may be higher in athletes than their nonathlete counterparts. These conclusions are drawn primarily from descriptive studies and require confirmation using studies and populations that are well defined and designed to answer these specific questions.
As with nutrition knowledge, the limited amount of literature (n = 9 studies) and wide variation in sample characteristics and methodology meant it was not possible to determine whether healthier or more optimal dietary intake was associated with level of nutrition knowledge. Although five of the nine studies reported a positive association between a higher level of knowledge and positive dietary attributes, the correlations were weak (r < .44). Unfortunately, studies assessing this relationship used instruments that were only partially validated at best, and it is possible that the use of psychometrically validated instruments may have provided stronger associations. Clearly, there is a need for further research using well-validated instruments known to reliably measure nutrition knowledge with athlete scores benchmarked against age-and gender-matched athletes from different sport settings and nonathlete samples. Research on the relationship between the level of knowledge and its influence on dietary intake is also required.
Less than half (n = 12) the studies in this review reported recent data (i.e., since 2000). This is relevant because over the last 10 years, a wider and stronger consensus on optimal dietary requirements and practice for athletes has evolved (American College of Sports Medicine et al., 2000; American Dietetic Association et al., 2009; Burke, 2003) . Consensus on dietary strategies for optimizing athletic performance should ideally result in the establishment of sound education messages passed to athletes through coaches, sport institutes, health professionals, and the general community. Recent consensus should also inform the design of appropriate items in instruments used to assess knowledge because these can now be aligned with widespread expert opinion. Key knowledge issues were more challenging before 2000, when published position stands on nutrition for athletic performance were lacking. Despite greater professional consensus, many contemporary challenges prevail in nutrition education for athletes, particularly the exposure and easy access to extensive amounts of nutrition information, through the mass media and Internet, that is often compelling but incorrect and misleading (Corley, Demarest-Litchford, & Bazzarre, 1990) .
The disparity between instruments used to assess the knowledge of athletes makes comparison between studies problematic. However, a few overall trends appeared. First, in studies with both genders (n = 9) and in studies with a significant difference between genders (n = 4), female participants scored higher than males. Studies reporting a significantly higher knowledge score for the comparison group always used comparison cohorts composed at least in part of tertiary students studying nutrition, and, in some cases, the participants were also involved in an exercise program. Few of the knowledge studies used appropriate age-and gender-matched controls, and when they did, nutrition knowledge was not differential. Most studies were completed in the United States with university or college students. Knowledge in these participants is almost certainly different than in those who have not attained a tertiary education. Only one of the included studies that was conducted outside the United States reported significant correlations between nutrition knowledge and both education level (r = .29, p < .05) and socioeconomic status (r = .37, p < .05; Hamilton et al., 1994) . Most of the included articles failed to assess these parameters, identify them as potential confounders, or indicate how they might influence the generalizability of results.
Although there was reasonable representation in the studies of a variety of sports, the data were not comprehensive in this respect and few studies assessed knowledge in high-caliber, elite athletes. Factors such as type of sport (Douglas & Douglas, 1984) , athletic caliber (Harrison et al., 1991) , and exposure to athlete support services such as sports institutes individually and collectively influence nutrition knowledge. Unfortunately, adequate demographic information was usually unavailable in the athlete samples and mostly the authors failed to address these factors as potentially important. One of the included articles reported that nutrition knowledge was better in athletes involved in sports in which a strong emphasis was placed on physique compared with inactive controls (Raymond-Barker et al., 2007) . Another found that track-and-field athletes and cross-country runners had better knowledge than athletes in other sports (Douglas & Douglas, 1984) . Finally, the impact of physique requirements is likely also an important confounder. To explore this further, comparative studies using well defined sample populations with adequate representation from sports with differential emphasis on physique are required as they provide an inherently superior means of understanding nutrition knowledge in athletes when compared with cross-sectional profiles of athletic populations.
Assessment of dietary intake and behavior is complex and challenging. In athletic populations, intake and behavior are complicated by the need to meet requirements that are sport specific. Generally, the requirements increase predominantly for macronutrients (Magkos & Yannakoulia, 2003) with exceptions in certain groups such as endurance athletes, who may have higher requirements for iron, and female athletes with amenorrhea, who may require additional calcium (American Dietetic Association et al., 2009) . Because athletes consume more food to satisfy higher energy requirements than sedentary populations, they should consequently consume a greater proportion of nutrients contributing to nutrient reference targets. Tools used to assess nutrient intake and diet quality in sedentary populations may be confounded by the higher energy intake in athletes, and this is particularly the case when the diet quality of athletes is compared with sedentary counterparts or comparison of athlete groups at the extremes of energy intake. Athletes consuming high food volumes may meet nutrient targets more easily because of greater energy, not superior diet quality or nutrient density. Only one of the included studies in this review addressed this issue by assessing diet quality based on consumption of five key nutrients (vitamins A and C, thiamine, iron, and calcium) per 1,000 kcal (Wiita et al., 1995) . Other factors that should be considered in the measurement of nutrient intake in athletes include the challenges associated with accurate quantification of portion size. In athletes, portion size is larger (Magkos & Yannakoulia, 2003) , and the concern is for increased error associated with reporting high energy intakes and more erratic eating patterns typical in athletes (Barnard, Tapsell, Davies, Brenninger, & Storlien, 2002) . Underreporting is also an issue and has been associated with low body image in physique-oriented sports (Hill & Davies, 1999 ). The articles reported in this review used a wide variety of diet-assessment methods including 24-hr recalls and 2-to 3-day estimated food diaries, most likely to minimize respondent burden. Unfortunately, this period is insufficient to accurately estimate micronutrient intake (Basiotis, Welsh, Cronin, Kelsay, & Mertz, 1987) . Three of the other studies used FFQs but did not adjust the data for energy intake. Five of the nine studies investigating the relationship between nutrition knowledge and dietary behavior found a positive association between knowledge and better dietary practices. However, the variability in methods used to assess both knowledge and intake make generalizations inappropriate.
Quality of the articles on dietary knowledge varied, with scores ranging from 7 to 16 out of a possible 18 points. Most studies (Table 4) failed to obtain points for use of a comparison group to benchmark scores or report adequate detail on confounder distributions. Many studies rated poorly because of inadequate reporting of basic information including participant characteristics, variability estimates, and p values.
Instrument validation incorporated in the studies varied, with some failing to report any validation procedures (Guinard et al., 1995; Harrison et al., 1991) . Other studies used modified versions of previously validated instruments (Chapman et al., 1997; Frederick & Hawkins, 1992; Hamilton et al., 1994; Perron & Endres, 1985) but failed to address the validity or potential impact of the modifications incorporated (usually at least pretesting in a small subsample). The performance of modified instruments cannot be assumed equivalent to that of the original. Most studies only used one or two forms of basic validation. Best practice for nutrition-knowledge measurement based on psychometric criteria would include content validation (instrument design and review by a panel of experts), pretesting for acceptability, and ease of completion in addition to item analysis, construct validation, and test-retest reliability. This level of validation was not used by any of the studies included in this review.
Similar to the nutrition-knowledge component, the quality of the diet assessment used to determine the influence of nutrition knowledge on dietary intake or practice was also generally poor. Choice of an appropriate diet-assessment tool is more difficult for athletes because of complicated issues including wide variation in energy intake, poor skills in portion estimation, and consumption of specific sport foods (Heaney, O'Connor, Gifford, & Naughton, 2010) . This is further complicated by variability in energy requirements because of periodized training programs including phases of highvolume training and tapering. Ideally, validation in this area includes the collection of biomarker data, but this is likely beyond the capability and budget constraints of many research studies.
Limitations
The conclusions that can be drawn from this systematic review are limited by the quality of existing articles. Variation in study design and knowledge-assessment instruments used, lack of detail on sample characteristics, and inadequate consideration of potential confounders were critical issues. Instrument validation was also lacking. Important confounders including sociodemographic differences and level of education were inadequately described in athlete and comparison samples. For these reasons, it was not possible to determine whether athletes' nutrition knowledge was different from that of nonathletes. The variability in type of nutrition knowledge, that is, general or sports-specific, and dietary-assessment methods permitted only descriptive and relatively superficial evaluation of research outcomes.
Conclusions and Future Directions
This review provides weak evidence suggesting that athletes have similar general but potentially greater sport nutrition knowledge than nonathletes. General nutrition knowledge may be higher in females than males and be greater in elite-level athletes and those who have a tertiary education, but these findings need to be confirmed in larger samples using acceptable measures in well-described populations of athletes and matched controls. Studies measuring nutrition knowledge should collect and report demographic information including age, gender, socioeconomic status, level of education, and specific exposure or learning in the area of nutrition. Other confounders may include engagement in regular physical activity or training and athletic caliber for athlete samples. Type of sport is also likely important, with a potential influence of physique-focused sports on nutrition knowledge. Instruments used to measure knowledge need to be well validated and pilot tested in the sample population and need to be appropriate to literacy levels and cultural norms. Without a comparison or control group, the athlete scores on researcher-developed, poorly validated nutrition-knowledge questionnaires are virtually meaningless in the wider context. Assessment of nutrition knowledge and its impact on dietary intake is important for the development and evaluation of nutrition education for athletes. This review suggests there may be a weak positive correlation between greater nutrition knowledge and better dietary intake, but there is a need to develop valid instruments to assess general and sport-specific knowledge and compare knowledge with athletes' dietary intake. Future wellconstructed research in this area would provide useful guidance for practitioners working in sport nutrition education and supporting data for advocacy of sport nutrition education. Validated nutrition-knowledge tools will help practitioners assess this in the athlete populations with which they work and also track the effectiveness of interventions. The availability of consensus statements on nutrition for sports or athletic performance provides a foundation for the development of nutrition-knowledge instruments that are consistent with expert opinion.
